The nucleotide sequence of the ompA gene from Shigella dysenteriae has been determined and the amino acid sequence of the pro-OmpA protein predicted. Sequence comparison between the ompA genes of S.dysenteriae and Escherichia coli showed that features such as mRNA secondary structure and codon usage, as well as polypeptide function, have been conserved during evolution. The pro-OmpA protein of S.dysenteriae consists of 351 residues, as opposed to the 346 of the E.coli protein and also shows several amino acid changes. These changes have been used to interpret differences in the biological activity of the two proteins.
INTRODUCTION
The outer membrane of most Gram-negative bacteria contains a major, heat-modifiable polypeptide, the OmpA protein (1) . In Escherichia coli this transmembranous protein (2) confers stability on the outer membrane (3, 4) and mediates in F-dependent conjugation (5) (6) (7) . It also serves as the receptor for several phages (7, 8) and is involved in the uptake of colicin L (9) . We are currently studying the evolution of the OmpA protein amongst the Enterobacteriaceae by cloning the corresponding genes (10) and determining their nucleotide sequences. It is hoped that this approach, together with the characterisation of the respective proteins, will permit identification of the functional domains of the polypeptide. In this paper we present the nucleotide sequence of the ompA gene from Shigella dysenteriae and compare the predicted pro-OmpA protein with that from E.coli.
MATERIALS AND METHODS

Bacteria, Phages and Plasmlds
The E.coli K12 strains 5K (11) and SNO1 (12) were used for phage and plasmid production, respectively. The XompA Sh phages contain the ompA gene from Shlgella dysenteriae cloned into the EcoRI vector, ANM816 (13) . Plasmids used as vectors in subcloning experiments were pBR322 (14) , pACYC184 (15) and pHSG415 (16) .
Preparation of DNA
The preparation of phage DNA and the isolation of restriction fragments were recently described (10, 17) . Highcopy number plasmids were purified from chloramphenicoltxeated cultures by a cleared lysate procedure (18) and two rounds of CsCl gradient centrifugation in a TV 865 rotor.
Low-copy number plasmids were precipitated from cleared lysates with polyethylene glycol (19) , resuspended in TES buffer (50 mM Tris, 5 mM EDTA, 50 mM NaCl, pH 8.0) then similarly centrifuged.
DNA:DNA Hybridization DNA fragments were transferred from agarose gels to nitrocellulose filters as described by Southern (2) and hybridised with P-labelled probes according to Wahl et al. (21) . In some instances, colonies harbouring recombinant plasmids containing parts of the ompA gene were identified by the colony hybridisation procedure of Grunstein and Hogness (22) .
Mini-lysate Screening
Plasmids of interest were further characterised by restriction analysis of DNA produced by the mini-lysate method of Birnboim and Doly (23) . This worked well with high-copy number plasmids but proved very erratic with lowcopy number vectors, such as pHSG415. Consequently, the following procedure was developed. A cleared lysate (24) was produced from a 10 ml overnight culture, mixed with an equal volume of a solution containing 1 M NaCl and 20% ( w /v) polyethylene glycol 6OO0 and placed on ice for 1 h. The plasmid DNA was precipitated by centrifuging for 5 min in an Eppendorf centrifuge and usually sufficed for 2 analyses.
DNA Sequence Analysis
The DNA sequencing procedure of Maxam and Gilbert (25) 
RESULTS AND DISCUSSION
Location and Subclonlng of the Gene
The ompA gene of S.dysenteriae was initially cloned (10) on a 9.5 Kb EcoRI fragment into the replacement vector, XNM 816 (13) . Four different isolates, XompA-Sh 1-4, were characterised by restriction endonuclease analysis and each was found to contain the same fragment in the same orientation. Consequently, only one isolate, XompA-Sh3, was studied further. A more detailed restriction map of the insert carried by this phage was produced and is presented in Fig. 1A . This map is in good agreement with that determined in a preliminary DNA:DNA hybridization study in which P-labelled probes prepared from the E.coll otnpA gene were used to detect horaologies in restriction digests of chromosomal DNA from S.dysenteriae (unpublished data).
A more precise location of the gene was obtained by hybridising restriction fragments of XoinpA-Sh3 DNA with probes prepared from known regions of the E.coli ompA gene. Two different probes specific for the 5 1 and 3' ends of the gene, respectively, were used. It was thereby established that the oinpA gene was located on a 4.6 Kb Hindlll-EcoRI fragment and contained an internal BamHI site. Furthermore, To facilitate the production of DNA for sequencing we attempted to subclone appropriate restriction fragments (BamHI, BamHI-EcoRI, BamHI-Hindlll, EcoRI-HindiII) into the tet gene of pBR322. Tetracycline-sensitive transformants were then screened for plasmids containing ompA sequences by colony hybridisation. From those clones exhibiting a positive signal mini-lysates were produced and the plasmid DNA analysed by digestion with the appropriate restriction enzymes. It was found that only restriction fragments bearing the 3'-end of the gene (Fig. 1C ) could be cloned into pBR322. This is consistent with the findings of Bremer et al. (27) for the ompA gene of E.coli. The failure to recover clones carrying large parts from the 5'-end of the ompA gene is almost certainly due to lethal over-expression of the residual gene fragment when cloned in a high-copy number vector. This problem was overcome by cloning a 2.3 Kb Hindlll-BamHI fragment bearing the promoter and about two thirds of the coding sequence into the low-copy number vector, pHSG415 (16) . This plasmid, pTU3Sh (Fig. 1B) To facilitate the DNA sequencing fine structure restriction maps of the appropriate regions were made by the partial digest method of Smith and Birnstiel (28) . These were used as the basis of the sequencing strategy which is shown in Fig. 2 . The composite DNA sequence obtained is presented in Fig. 3 . On examination of the sequence two reading-frames were found. These correspond to the pro-OmpA protein and the COOH-terminal part of an unidentified polypeptide (29) . The overall sequence is about 97 % homologous with the corresponding region of the E.coli chromosome (29, 30) which is to be expected in view of the close degree of relatedness between the two bacteria (31) . Many of the differences occur in the non-coding regions or in the wobble position of the codon and most (66%) are accounted for by transitions.
The promoter sequence is identical to that of the E.coli gene (32, Cole et al., in preparation) and the region corresponding to the 5'-untranslated end of the mRNA shows only one change (Fig. 3) . Furthermore, the sequence encoding the signal peptide and the first 90 residues of the OmpA protein is also highly conserved. Many base differences can be found in the next stretch which encodes residues 90-170 and the most remarkable of these occurs between positions 951-981 (Fig. 3) . This 30 bp sequence is not found in the E.coli gene and the corresponding region, consisting of 15 bp, bears slight resemblance. Consequently, the reading frame of the S.dysenteriae ompA gene contains 5 codons more than that of E.coli. Towards the 3'-end of the gene the most extensive region of homology (450 bp) with the E.coli sequence can be seen although there are some differences around the transcriptional terminator (positions 1639-1667; Fig. 4 ). Secondary Structure of the mRNA The coding sequences of the ompA genes from S.dysenteriae and E.coli (29, 30) exhibit extensive dyad symmetries and the corresponding mRNAs thus have the potential to form stable secondary structures. This probably accounts for their very long functional half-lives (33). It is interesting to note that in the region where the S.dysenterlae sequence differs extensively from the E.coli sequence dyad symmetry may also be found. The stable stem and loop structure that can be formed is shown in Fig. 4 and compared with the corresponding structure from the E.coli ompA mRNA. This finding suggests that the evolution of the ompA gene amongst the Enterobacteriaceae may have been subject to the additional constraint of conserving We have established that the S.dysenteriae OmpA protein (10, 37) can replace the E.coli protein in conjugation and as the receptor for phage 0x2. It does not, however, enable colicln L to be taken up or permit successful infection of phage K3 although, it does inactivate this phage. A receptor site for K3 is known to be centred around residue 70 of the E.coli protein (Henning et al., in preparation). Since this region of the S.dysenteriae protein is identical it appears that another part of the protein is required to trigger the infection process. This could be situated around residue 25, or residues 108-117, since this is where the two proteins differ most significantly. Furthermore, one or other of these differences must account for the defect in colicin L uptake. It is hoped that a more precise understanding of these processes will be obtained when the sequences of other OmpA proteins and of defined mutations are available.
